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1. A self-hardening bioceramic composition, comprising: 
a hydrated precursor of a calcium phospftate and an aqueous-based liquid 

in an amount sufficient to hydrate the calcium/phosphate to form a paste or 
putty, characterized in that hardening of the Hydrated precursor is associated 
with an endothermic reaction. 

2. A self-hardening bioceramic composition, comprising 
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a hydrated precursor of an amorphous 



based liquid in an amount sufficient to hydra :e the calcium phosphate to form a 



paste or putty, characterized in that hardenii 
in more than ten minutes. 



calcium phosphate and an aqueous- 



of the hydrated precursor occurs 



3. The composition of clay? 
than 30 minutes. 



2, wherein/ hardening occurs in more 



4. The composition of^cjaim 1/ wherein the aqueous-based fluid is 
selected from the group consisting of water, a physiologically acceptable pH- 
buffered solution, saline solution, serum and tissue culture medium. 

5. The composition of claim 1, wherein the calcium phosphate 
comprises an amorphous calcium phospnate. 

6. The composition of clairry 1, further comprising a promoter, said 
promoter capable of promoting the haipening of the hydrated precursor. 

7. The composition of claifm 1, wherein the hardening of the 
hydrated precursor is further associatied with the conversion of the calcium 
phosphate into a poorly crystalline jipatitic calcium phosphate. 

8. The composition of/claim 7, further comprising a promoter, said 
promoter further capable of promoting the conversion of calcium phosphate into 
a poorly crystalline apatitic calcium phosphate. 
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1 9. The composition of claim 6 or 8,1 wherein the promoter is selected 

2 from the group consisting of passive promoters and participant promoters. 

3 / 

4 10. The composition of claim 9, wHerein the promoter is a passive 

5 promoter selected from the group consisting bf metals, metal oxides, ceramics, 

6 silicates, sugars, salts, and polymeric particulates 

7 / 

8 11. The composition of claim 9, wherein the promoter is a passive 

9 promoter and said passive promoter is present in the range of about 1:1 to about 

10 5:1 calcium phosphate:promoter. I 

11 J 

12 12. The composition of claim 9,1 wherein the promoter is a passive 

13 promoter selected from the group consisting^etsSi0 2 , mica, Al 2 0 3 , poly(L-lactide) 

14 (PLLA), polyglycolide (PGA), and polv^attide-co^glycolide (PLGA) copolymers. 

15 / y 

16 13. The composition oyclainw, wherein the promoter is a participant 

17 promoter selected from the group co^isjhng of^pakrium and phosphorus sources. 

18 / 

19 14. The composition of claim 9, wherein the promoter is a participant 

20 promoter selected from the group consisting of calcium metaphosphate, 

21 dicalcium phosphate dihydrate, heptacnlcium decaphosphate, tricalcium 

22 phosphates, calcium pyrophosphate dihydrate, crystalline hydroxy apatite, PCA 

23 calcium phosphate, calcium pyrophosphate, monetite, octacalcium phosphate, 

24 CaO, CaC0 3 , calcium acetate, and W3PO4, and ACP. 

25 / 

26 15. The composition of tlaim 9, wherein the promoter comprises 

27 DCPD. / 

28 / 

29 16. The composition cfr claim 9, wherein the promoter comprises 

30 DCPD having an average grain size less than about 200/xm. 

31 / 

32 / 
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1 17. The composition of claim 9, Wherein the promoter comprises 

2 DCPD having an average grain size of less tiian about 95jxm. 

4 18. The composition of claim % wherein the promoter comprises 

5 DCPD having an average grain size of afcout 35 - 45jim and a grain size 

6 maximum of less than about 110 /im. / 

8 19. The composition of claim 1, further characterized in that 

9 hardening occurs in less than one hour at about 37 °C. 

10 I 

11 20. The composition of claim 1, further characterized in that 

12 hardening occurs in more than 24 hours at about 4 °C. 

14 21. The composition op claim ll wherein the amount of liquid is in 

15 the range of about 0.5 to abouy2.u mlflhquid/g calcium phosphate. 

16 si . J \A 

17 / 22y A bioceramic aompJWltionKComprising: 

18 Va poorly crystalline ctlcijzm phosphate prepared by, 

19 promoting the hardening/of a hydrated precursor comprising an 

20 amorphous calcium phosphate and an aqueous-based liquid in an amount 

21 sufficient to hydrate the amoronous calcium phosphate to form a paste or putty, 

22 whereby hardening is Associated with an endothermic reaction and the 

23 conversion of the amorphous/calcium phosphate into the poorly crystalline 

24 calcium phosphate. / 

25 / 

26 23. A bioceramic composition, comprising: 

27 a strongly bioresorbable, poorly crystalline apatitic calcium phosphate. 

28 / 

29 24. The composition of claim 22 or 23, wherein said poorly crystalline 

30 apatitic calcium phosphite has an X-ray diffraction substantially as shown in 

31 Figure 18. / 

32 / 
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1 25. The composition of claim 23, wherein the strongly resorbable, 

2 poorly crystalline apatitic calcium phosphate has an X-ray diffraction pattern 

3 comprising broad peaks at 20 values of 26/, 28.5°, 32° and 33°. 

4 / 

5 26. The composition of claim E3, wherein the X-ray diffractions 

6 pattern is characterized by an absence ofl peaks associated with the 210 Miller 

7 Index. J 

8 I 

9 27. The composition of claim 23, wherein the poorly crystalline 

10 apatitic calcium phosphate is formulated so that when the composite 

11 compromises at least 1 g of poorly crystalline apatitic calcium phosphate, at least 

12 about 80% of the poorly crystalline apatitic calcium phosphate is resorbed within 

13 one year when the composite is placadin a rat intramuscular site. 
14 

15 28. The composition cn claim 23, wherein the poorly crystalline 

16 apatitic calcium phosphate is rormiwated so that when the composite 

17 compromises at least 1 g of poorly/crystalline apatitic calcium phosphate, at least 

18 about 80% of the poorly cfrystamrle a^tificcalcium phosphate is resorbed within 

19 nine months when the composite/is placed in a rat intramuscular site. 

20 / 

21 29. The composition if claim 23, wherein the poorly crystalline 

22 apatitic calcium phosphate is formulated so that when the composite 

23 compromises at least 1 g of pofcrly crystalline apatitic calcium phosphate, at least 

24 about 80% of the poorly crystalline apatitic calcium phosphate is resorbed within 

25 six months when the compoate is placed in a rat intramuscular site. 

26 / 

27 30. The composition of claim 23, wherein the poorly crystalline 

28 apatitic calcium phosphate As formulated so that when the composite 

29 compromises at least 1 g eft poorly crystalline apatitic calcium phosphate, at least 

30 about 80% of the poorly ibrystalline apatitic calcium phosphate is resorbed within 

31 three months when the Composite is placed in a rat intramuscular site. 

32 / 
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1 31. The composition of claim 23, whereir/ the poorly crystalline 

apatitic calcium phosphate is formulated so that wnen the composite 
compromises at least 1 g of poorly crystalline apatitic calcium phosphate, at least 
about 80% of the poorly crystalline apatitic calcinm phosphate is resorbed within 
one month when the composite is placed in a rat intramuscular site. 

32. The composition of claim 23, wherein the poorly crystalline 
apatitic calcium phosphate is formulated so /hat when implanted in vivo in a 
bone site, new bone substantially replaces the composite within six months. 
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33. The composition of claij 
apatitic calcium phosphate is formuj 
bone site, new bone substantially repls 




^wherein the poorly crystalline 
it when implanted in vivo in a 
^the composite within six weeks. 




34. / A method of preparing a bioceramic composition, comprising: 
mixing in any order, 

(a) an amorphous calcium phosphate, 

(b) a promoter, and 

(c) an aqueous-based liquid in kn amount sufficient to form a paste or 
putty, whereby the paste or putty is converted into a poorly crystalline apatitic 
calcium phosphate and said conversion is associated with hardening of the paste 
in an endothermic reaction. 

35. The method of claim 34, wherein the promoter is selected from 
the group consisting of Si0 2 , Al 2 © 3 , sand, mica and glass. 

36. The method of ctyim 34, wherein the promoter is a calcium or a 
phosphorus source. 

37. The method of Jblaim 34, wherein the calcium phosphate is selected 
from the group consisting of/calcium metaphosphate, dicalcium phosphate 
dihydrate, heptacalcium deciphosphate, tricalcium phosphates, calcium 
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1 pyrophosphate dihydrate, crystalline hydroxyipatite, PCA calcium phosphate, 
calcium pyrophosphate, monetite, octacalciujn phosphate, CaO, CaC0 3 , calcium 
acetate, and H 3 P0 4 , and ACP. 
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38. The method of claim 34^wherej^i the reaction is carried out at no 
greater than about 37 °C. 

39. The method of clainr 34, wherein the fluid is selected from the 
group consisting of water, a physiologically acceptable pH-buffered solution, 
saline solution, serum and tis/ue culture medium. 

40. A composite material comprising: 

(a) a poorly crystalline apatiti/ calcium phosphate made by the process 
comprising: 

providing an amorphous cilcidm phosphate in the presence of a sufficient 
quantity of water to produce a pasta; and 

promoting the hardening ofthe paste, wherein said hardening is associated 
with the conversion of the amorj/noi\s calcium phosphate to a poorly crystalline 
apatitic calcium phosphate; andy 

(b) a supplemental material intimate contact with the poorly 
crystalline apatitic calcium pnosphate, saicL supplemental material present in an 
amount effective to impart af selected characteristic to the composite. 



41. The material of claim 
prepared from a reaction of amorp: 
in a fluid, the reaction mixture is 
about 10 minutes at about 25 0 
about 37 # C. 





rized in that, said paste, when 
lcium phosphate and a second phosphate 
formable for a time greater than 
hardens within about 10 to 60 minutes at 



A composite matp&Ccomprising: 
rongly biore^orfwffe, poorly crystalline apatitic calcium phosphate in 
ct wif^a^iocompatible supplemental material, said supplemental 
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1 material present in an amount effective/o impart a selected characteristic to the 
composite. 
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43. The composite of/:laim 42, wherein said poorly crystalline apatitic 
calcium phosphate has x-ray jmfractrtm substantially as shown in Figure 18. 

44. The composite of claim 42, wherein the strongly resorbable, poorly 
crystalline apatitic calcium phosphate has an X-ray diffraction pattern comprising 
broad peaks at 20/alues of 26 * , 28.5 ' , 32 ' and ^3 * . 

45. The composite of claim 42, whenbin the poorly crystalline apatitic 
calcium phosphate is formulated so that when pe composite compromises at least 
1 g of poorly crystalline apatitic calcium phosphate, at least about 80% of the 
poorly crystalline apatitic calcium phosphate 4s resorbed within one year when the 
composite is placed in a rat intramuscular site. 

46. The composite of claim 42/fohereui the poorly crystalline apatitic 
calcium phosphate is formulated so that wnen the composite compromises at least 
1 g of poorly crystalline apatitic calcium Miosphate< at least about 80% of the 
poorly crystalline apatitic calcium IphospftaTeTsresorbed within nine months when 
the composite is placed in a rat intramuscular site. 

47. The composite of claim/42, wherein the poorly crystalline apatitic 
calcium phosphate is formulated so tmat when the composite compromises at least 
1 g of poorly crystalline apatitic caleium phosphate, at least about 80% of the 
poorly crystalline apatitic calcium phosphate is resorbed within six months when 
the composite is placed in a rat intramuscular site. 

48. The composite of </laim 42, wherein the poorly crystalline apatitic 
calcium phosphate is formulated /so that when the composite compromises at least 
1 g of poorly crystalline apatitio calcium phosphate, at least about 80% of the 
poorly crystalline apatitic calcium phosphate is resorbed within three months when 
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1 the composite is placed in a rat intramuscular ate. 
2 

3 49. The composite of claim 42, wherein the poorly crystalline apatitic 

4 calcium phosphate is formulated so that when the composite compromises at least 

5 1 g of poorly crystalline apatitic calcium phosphate, at least about 80% of the 

6 poorly crystalline apatitic calcium phosphate it resorbed within one month when 

7 the composite is placed in a rat intramuscular/site. 
8 

9 50. The composite of claim 42, wllerein the supplementary material is 

10 bioresorbable. I 

11 yj A 

12 51. The composite of claim 5(m vwierein the/resorbable supplementary 

13 material is selected from the group corpistiWg/f collagen, demineralized bone 

14 matrix, derivativized hyaluronic acid,rooly^y4nd^ 

15 poly gly colic acid, poly lac tic acid, and copolymers thereof, polyesters of a- 

16 hydroxycarboxylic acids, poly(L-lactide) (PLLA), poly(D,L-lactide) (PDLLA), 

17 polyglycolide (PGA), poly(lactide-co-glyc<|lide (PLGA), poly(D,L-lactide-co- 

18 trimethylene carbonate), and polyhydroxyftutyrate (PHB), poly anhydrides, 

19 poly(anhydride-co-imide) and co-polymera thereof, and bioactive glass 

20 compositions. 
21 

22 52. The composite of claim 421 wherein supplementary material is non- 
23 bioresorbable. / 

24 / 

25 53. The composite of claim 52, wherein the non-bioresorbable 

26 supplementary material is selected from the group consisting of dextrans, 

27 polyethylene, polymethylmethacrylate iPMM A), carbon fibers, polyvinyl alcohol 

28 (PVA), poly (ethylene terephthalate)popy amide, bioglasses, calcium sulfate and 

29 calcium phosphates / 

30 / 

31 54. The composite of clami 42, wherein the supplementary material is a 

32 lubricant. | 
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1 55. The composite of claim 54, wherein the lubricant is selected from 

the group consisting of silicone oil, polymer waxes, lipids, surfactants and fatty 
acids. 

56. The composite of claim 42, wheriin the supplementary material is 
in the form selected from the group consisting cf foam, sponge, mesh, particles, 
fibers, gels and filaments. 
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composite material, comprising: 



<~j57^ A method of preparing a ceramic < 
mixing in any order, 

(a) an amorphous calcium phosphate, 

(b) a promoter, and 

(c) a supplementary material, the sup{ 
amount effective to impart a selected character^ 

initiating conversion of the amorphc 
crystalline apatitic calcium phosphate, Wu conversion accompanied with hardening 
at about 37 "C of the composite within 10 to 60 minutes. 



:mentary material present in an 
c to the composite; and 
cium phosphate into a poorly 



58. The method of claim 57, whereii the promoter is selected from the 
group consisting of A1 2 0 3 , sand, mica and glass. 

59. The method of claim 57, wherein the promoter is a calcium or a 
phosphorus source. 

60. The method of claim 59, where n the promoter is selected from the 
group consisting of calcium metaphosphate, di calcium phosphate dihydrate, 
heptacalcium decaphosphate, tricalcium phosp lates, calcium pyrophosphate 
dihydrate, crystalline HA, PCA calcium phosphate, calcium pyrophosphate, 
monetite, octacalcium phosphate, CaO, CaCC^, calcium acetate, and H 3 P0 4 , and 
ACP. 
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61. The method of claim 
greater than about 37 # C. 

62. The method of clain 
crystalline apatitic calcium phospto 
supplementary material. 



57, wherein the reaction is carried out at no 



57, wherein the reaction to form a poorly 
te is initiated before addition of the 



63. The method of claim 157, wherein the reaction to form a poorly 
crystalline apatitic calcium phosphate is initiated after addition of the 
supplementary material. 

64. The method of claim 157, wherein the reaction is initiated by 
addition of a fluid, the fluid selectee from the group consisting of water, a 
physiologically acceptable pH-buffefed solution, saline solution, serum and tissue 
culture medium. 



65. An orthopedic device 



comprising the composite of claim 42. 



66. A bone cement comprising the composite of claim 42. 

A method for embed ling an object at a bone site, comprising: 
preparing a composite comprising a fully resorbable, poorly crystalline 

apatitic calcium phosphate in intimz te contact with a non-resorbable or weakly 

resorbable supplementary material; 
introducing the composite tc 

poorly crystalline apatitic calcium 

resorbable supplementary material 



a bone site, whereby the fully resorbable 
phosphate is resorbed and ossified and the non- 
remains at the bone site. 



^6^>. A method for treatiig a bone defect, comprising: 
identifying a bone site suit; ible for receiving an implant; and 
introducing a strongly resorbable, poorly crystalline apatitic calcium 
phosphate at the implant site, whereby bone is formed at the implant site. 
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f^jj})- A method for treating a bone djfect, comprising: 
identifying a bone site suitable for receiving an implant; and 
introducing a hydrated precursor to a /strongly resorbable, poorly crystalline 
apatitic calcium phosphate at the implant site, whereby the hydrated precursor is 
converted in vivo to a poorly crystalline apatitic calcium phosphate and whereby 
bone is formed at the implant site. 

70. The method of claim 68, wjierein the poorly crystalline apatitic 
calcium phosphate is introduced in the foipi selected from the group consisting of 
paste, putty and preshaped object. 

71. The method of claim 69, ^herein the hydrated precursor is 
introduced in the form selected from tha group consisting of paste and putty. 



72. The method of claim 70 
injectable for a time greater than about, 
about 10 to 60 minutes at about 37 

73. The method of clail 



7L^eharacterized in that, said paste is 
lutes' at about 25 *C, hardens within 



Said poorly crystalline apatitic 



calcium phosphate has x-ray diffraction substantially as shown in Figure 18. 

74. The method of claim 68, wherein the strongly bioresorbable, poorly 
crystalline apatitic calcium phosphate /has an X-ray diffraction pattern comprising 
broad peaks at 20 values of 26', 28.5 32* and 33*. 



75. 



The method of claim 



8, wherein the strongly bioresorbable, poorly 
crystalline apatitic calcium phosphatl is characterized in that, when placed in a rat 



intramuscular site, resorption of at 
resorbed within one year. 

76. The method of claim 
crystalline apatitic calcium phosph; 



;ast 1 g of the material is at least 80% 



68, wherein the strongly bioresorbable, poorly 
:e is characterized in that, when placed in a rat 
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wherein the implant site comprises a 
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1 intramuscular site, resorption of at least 1 g <pf the material is at least 80% 

2 resorbed within one month. 
3 

4 77. The method of claim 68 or 6% 

5 tooth socket. 
6 

7 78. The method of claim 68 or 69. 

8 non-union bone. 
9 

10 79. The method of claim 68 or 6<J, wherein the implant site comprises a 

11 bone prosthesis. 
12 

13 80. The method of claim 68 or (^9, wherein the implant site comprises 

14 an osteoporotic bone. 
15 

16 81. The method of claim 68 or|69, wtferein the implant site comprises 

17 an intervertebral space. 
18 

19 82. The method of cl£im-6S orft59Twherein the implant site comprises a 

20 alveolar ridge. 
21 

22 83. The method of claim 68 or! 

23 bone fracture. 
24 

A84/ A method of preparing a cjbramic implant, comprising: 
mixing in any order, 

(a) a reactive amorphous calciurh phosphate, 

(b) a second calcium phosphate] the second calcium phosphate and the 

29 reactive amorphous calcium phosphate jn a proportion to form an apatitic calcium 

30 phosphate, and 

(c) a physiological liquid, said/liquid in the amount to provide a paste or 




69, wherein the implant site comprises a 



32 putty; and 
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introducing the paste or putty into an implant site. 



85. The method of claim 84, wherein the reaction is carried out at no 
greater than about 37 'C. 

86. The method of claim 84, wheifein the fluid selected from the group 
consisting of water, a physiologically acceptable pH-buffered solution, saline 
solution, serum and tissue culture medium. 

87. The method of claim 84, wherein the paste or putty is injected into 
the implant site. 

^8§^ A method for embedding a prosthetic device into a bone, 
comprising: 

introducing an implant device at a[ bfene/Site; 
applying a strongly resorbable, p/prly crystalline apatitic calcium 
phosphate in the form of a powder, pasNfeaw^nrtfyto the implant device, 
whereby the poorly crystalline apatitic fcalcium phosphate is resorbed at the 
implant site and replaced thereby with hew bone growth. 

/t?9? A method for treating albone defect comprising: 
identifying a bone site suitable/for receiving an implant; 
introducing pressed powder compact at the bone site, said pressed powder 
compact having approximately the shape required for repair of the bone defect 
and comprising an amorphous calcium phosphate and a promoter for promoting 
the conversion of the amorphous calcium phosphate into a strongly resorbable, 
poorly crystalline apatitic calcium jmosphate, whereby the pressed powder 
compact is converted in vivo into yhe strongly resorbable poorly crystalline 
apatitic calcium phosphate. 
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